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Abstract 
Global solar irradiance measurement is used for applications such as verifying satellite measurements, 
studying the distribution and variation of the received radiation or estimating the energy yield of solar 
plants. This measurement is directly influenced by the reference calibration coefficient of the field 
pyranometer used.  
The radiometer calibration laboratory of CENER is accredited by ENAC (Spanish National Accreditation 
Body) since 2010 according to ISO 9847:1992 for the calibration of field pyranometers via comparison to 
a reference pyranometer. The accreditation´s scope covers calibrations “type Ia” (outdoor horizontal 
calibrations for meteorological and resource measurements, part 5.2.2, annex B.2). For the outdoor 
calibration, the methodology takes different sky conditions into account: stable cloudless sky conditions, 
unstable sky conditions with some clouds or cloudy sky conditions. 
The classification criteria described by the standard have been enhanced by CENER for an easier 
application, establishing additional radiometric conditions, especially for unstable sky conditions with 
some clouds. Detailed criteria are based on CENER´s experience in solar collector testing and on the 
experimental CENER BSRN station (Baseline Surface Radiation Network) measurements and total sky 
camera images. During laboratory activity, several calibration coefficient results have been analyzed in 
order to validate the three methodologies regarding the before mentioned sky conditions. 
The calibration coefficient can be slightly different depending on the sky conditions and the calibration 
methodology; therefore global solar irradiation measurements can differ too. The influence of this 
dependency has been evaluated in order to estimate the monthly and yearly global solar irradiation. 
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1. Introduction  
CENER’s BSRN station is fully operational since July 2009, and basic measurements (global, diffuse, 
direct and atmospheric downward radiation - LR0100) are transmitted into the archive at AWI. CMP22 
pyranometers are used for global and diffuse radiation, a CH1 pyrheliometer is measuring the direct 
radiation and the atmospheric downward radiation is recorded using a shaded CG4 pyrgeometer. Those 
instruments are mounted on a 2AP tracker. 
Technical calibration capabilities have been developed at CENER’s Calibration Laboratory for 
calibration of field pyranometers since 2010 (ISO 9847:1992 [1]) and pyrheliometers since 2011 (ISO 
9059:1990 [2]). The calibration laboratory of CENER is accredited by the Spanish Accreditation body 
(ENAC). This accreditation´s scope for pyranometers covers calibrations of type Ia for outdoor horizontal 
calibrations for meteorological and resource measurements (5.2.2, annex B.2). 
According to the ISO 9847[1], there are 3 possible meteorological conditions for the horizontal 
calibration of field pyranometers by comparison to a reference pyranometer: stable cloudless sky 
conditions, unstable sky conditions with some clouds, and cloudy sky conditions. The methodology sets 
up a criterion for the classification of sky conditions and different data acquisition requirements for each 
of them. The criteria for classification are based on radiometric conditions, but they are not quite well-
determined for this purpose, so that the criteria are improved and better defined analyzing estimated 
values from different models (ESRA clear sky model and Butt N. et al. diffuse radiation and clouds 
relationship [3]) and experimental measurements from CENER’s BSRN station (global G, direct Gb, 
diffuse Gd, diffuse fraction Kd, total sky images of 2011). 
 
Nomenclature 
Ti incidence angle        (º) 
'Cs2-1  percentage difference between Cs_2 and Cs_1   (%) 
'Cs3-1 percentage difference between Cs_3 and Cs_1   (%) 
'H2-1  difference irradiation using Cs_2 instead of Cs_1   (MJ m-2) 
'H3-1  difference irradiation using Cs_3 instead of Cs_1   (MJ m-2) 
BSRN Baseline Surface Radiation Network 
Cs Sensitivity        (PV/W m-2) 
Cs_1  Sensitivity obtained under "stable cloudless conditions"  (PV/W m-2) 
Cs_2  Sensitivity obtained under “unstable sky conditions with some cloud”  (PV/W m-2) 
Cs_3  Sensitivity obtained under “cloudy sky conditions”   (PV/W m-2) 
F Calibration factor       (W m-2/PV)  
F(ij) Calibration factor for each instant i      (W m-2/PV) 
F(j) Calibration factor for each series j      (W m-2/PV) 
FR Calibration factor of the reference pyranometer    (W m-2/PV) 
Kd diffuse radiation fraction      (-) 
G global irradiance        (W m-2) 
Gb direct irradiance incident = GDNI*cosTi     (W m-2) 
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Gd diffuse irradiance       (W m-2) 
GDNI direct normal irradiance       (W m-2) 
H solar irradiation       (MJ m-2) 
VF(ij) voltage output measured by field pyranometer for each instant i (PV) 
VR(ij) voltage output measured by reference pyranometer for each instant i  (PV) 
 
2. Methodology  
The calibration method according to the Standard ISO 9847:1992 [1] consists of calculating the 
calibration factor of a filed pyranometer comparing its voltage output to that of a reference pyranometer. 
The calibration factor F (in W m-2/PV) is defined as the multiplicator, used to derive the global solar 
irradiance G (in W m-2) from the measured output V (in PV) (G = V * F). It is also the reciprocal value of 
the responsivity or sensibility Cs (in PV/W m-2) (Cs = 1/F). 
The calibration standard [1] covers 3 different sky conditions for outdoor horizontal calibrations for 
meteorological and resource measurements (part 5.2.2), which allows to obtain 3 different calibration 
factors depending on the sky conditions used during the calibration. 
 
  
Fig. 1. Calibration bench at CENER facilities 
2.1. Sensitivity calculation and data processing 
The data processing consists of reading, filtering, and data correction. The sensitivity of the field 
pyranometers Cs is calculated according to the formulas (1) to (4). For each instantaneous reading i every 
second within a series of measurements j in its corresponding interval 't, the calibration factor is 
calculated according to formula (1). 
 
  RF
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ijV
ijF  )(   (1) 
VR(ij) and VF(ij) are the voltages in μV measured using reference and field pyranometers, respectively, 
and FR is the calibration factor of the reference radiometer (W m-2/μV), which is the inverse of the 
sensibility R (μV/ W m-2) obtained during the calibration by WRC (World Radiation Center) in Davos, 
Switzerland (FR = 1/R). The length of the series depends on the methodology (see Table 1). 
The calibration factor F(j) is calculated for each series j according to formula (2). 
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The calibration factor F of the field pyranometer is calculated according to formula (3) based on 
various series j. 
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Finally, the sensitivity of the field pyranometers Cs is calculated using formula (4) 
F
CS
1   (4) 
The established standard data rejection guidelines were complied. Once enough data was acquired 
during the calibration period, the calibration factor and its associated uncertainty is reflected in the 
corresponding calibration certificate, and weather conditions in which the calibration was performed are 
also reported. For data processing and calculations in this paper the software tool R© was used. 
2.2. Sky conditions requirements 
For the first sky type "stable cloudless conditions" according to section 5.2.2.1, the standard states 
some requirements, but not quite well-determined. The annex B.2 “Sky conditions” states that “the 
minimum acceptable direct solar irradiance on the horizontal surface, given by the product of the 
measurement and the cosine of the incident angle, shall be 80 % of the global solar irradiance as 
measured by the pyranometer”. This requirement (Gb*cosθi > 80% G) has been applied by an upper limit 
for the diffuse radiation fraction Kd of 0.2. Additionally, for “stable cloudless” another requirement was 
set regarding the difference of global solar irradiance which must fulfill the following condition during a 
10 min interval: |Gmax-Gmin| ≤ 100 W·m-2. This second requirement is based on the European Standard for 
solar collector testing (EN12975-2 part 6.1.4.6. [4]) that defines a temporal stability of solar radiation for 
testing the performance of such a collector in steady-state conditions ± 50 Wm-2. 
For the second sky type “unstable sky conditions with some cloud” according to paragraph 5.2.2.2 the 
standard states that the sky conditions should be “with clouds at a distance from the sun of greater than 
30º”. The annex B.2 also states that “no cloud formation shall be within 30º of the sun during the data-
taking period. In case of automatic data acquisition this criterion can be replaced by a minimum 
irradiance threshold which indicates the interference by clouds”. This requirement has been applied by a 
diffuse radiation fraction limit Kd ≤ 0.5, a direct irradiance threshold Gb ≥ 500 W·m-2, and a difference of 
direct irradiance during a 5 min interval |Gb max-Gb min| ≤ 200 W·m-2. 
For the last sky type “cloudy sky conditions” according to paragraph 5.2.2.3, the standard does not 
state the minimum requirements apart from taking into account “different types of cloudiness if hourly 
mean of global irradiance is greater than 100 W m-2. This requirement has been applied by a lower limit 
of Kd > 0.4, in addition to the condition established that G > 100 W·m-2. 
Each of these typologies has different features for the measurements: minimum number of days and 
series as detailed in Table 1. 
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Table 1. Classification requirement summary 
Sky conditions Time interval 't Minimum number of series  
Minimum 
number of days Requirements 
Stable cloudless 
conditions 10min ≥ 15 ≥ 2  
Kd ≤ 0,20 
|Gmax - Gmin| ≤ 100 W/m2 
Unstable sky conditions 
with some cloud 5min ≥ 15 ≥ 5 
Kd ≤ 0,50 
Gb > 500 W/m2 
|Gbmax - Gbmin| ≤ 200 W/m2 
Cloudy sky conditions 60min ≥ 50 ≥ 10  0,30 < Kd 
2.3. Equipments 
In this paper were used radiation sensors data measured by CENER’s meteorological station at the 
facility in Sarriguren (Navarra) belonging to the international reference network BSRN (Baseline Surface 
Radiation Network, www.bsrn.awi.de/en/stations) [5]. The coordinates of the station are: latitude = 
42.816N, longitude =-1.601W and elevation height = 460 m. 
The reference measurements used are performed by a pyrheliometer and two pyranometers, one with a 
shadow ball for the determination of the diffuse radiation, and the rest for global and direct solar 
radiation. The reference pyrheliometer used, model CHP 1 [6] (Kipp & Zonen) classified as "first class" 
(according to ISO 9060 [7]), has an opening angle of 5° to measure the direct solar radiation reaching the 
Earth at a subtended angle of 0.5º and the circumsolar radiation as part of the solar corona. Those sensors 
are used to classify the sky conditions of the calibration days. The reference pyranometers used for the 
calibration are model CMP22 [8] (Kipp & Zonen), classified as "secondary standard" (according to ISO 
9060 [7]), with a ventilation and heating unit model CVF3 (Kipp & Zonen). 
For the purpose of this study, 9 field pyranometers were used, all classified as "first class" with brand 
name and model as detailed in Table 2. Both voltage outputs signals from the field and the reference 
pyranometer were recorded and registered by a Campbell scientific data logger, model CR5000. 
Table 2. Calibrated field pyranometers 
Brand name Model Spectral range (nm) 
Directional 
error 
Temperature 
response 
Response 
time 
Number of 
devices calibrated 
Kipp & Zonen CMP6 285 to 2800 < 20 W/m² < 4 % 18 s 1 
Kipp & Zonen CM11 285 to 2800 < 10 W/m² < 1 % < 5 s 6 
Kipp & Zonen CMP11 285 to 2800  < 10 W/m² < 1 % < 5 s 1 
Kipp & Zonen SP Lite 2 400 to 1100  < 10 W/m² < -0.15 %/ºC < 500 ns 1 
 
2.4. Sensitivity comparison and irradiation estimation implication 
As explained in 2.1 and 2.2, the sensitivity of the field pyranometers Cs can be obtained for different 
sky conditions. It means that different values can be obtained according to these sky conditions. Thereby 
we call Cs_1 the sensitivity obtained under "stable cloudless conditions", Cs_2 under “unstable sky 
conditions with some cloud” and Cs_3 under “cloudy sky conditions”. For the 9 field pyranometers 
considered in this study, the 3 sensitivities Cs_1, Cs_2 and Cs_3 were obtained on different testing days 
following the requirements described in Table 1. 
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Having chosen Cs_1 as reference sensitivity, sensitivities Cs_2 and Cs_3 will be compared to the 
sensitivity Cs_1 and the percentage difference 'Cs2-1 and 'Cs3-1 will be calculated according to the 
formulas (5) and (6). 
100*
1_
1_2_
12 Cs
CsCsCs  '    (5) 
100*
1_
1_3_
13 Cs
CsCsCs  '    (6) 
Using the CENER BSRN meteorological station, the mean monthly and yearly irradiation H (MJ/m2) 
is calculated using global solar irradiance G data from July 2009 to May 2013 using formula (7) with n 
depending on the analyzed period, monthly or yearly. 
  tjGH n
i
m ' ¦
 1   (7) 
The measured solar irradiance G is assumed to be the solar irradiance registered by the CENER BSRN 
station. Based on those differences 'Cs2-1 and 'Cs3-1, the irradiation differences'H2-1 (in MJ/m2) using 
Cs_2 instead of Cs_1 and 'H3-1 using C_3 instead of Cs_1 are calculated. 
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3. Results  
The different sensitivity coefficients Cs_1, Cs_2 and Cs_3 are presented in Figure 2. All the sensitivity 
coefficients in this study are compatible between each other when considering their uncertainties. 
 
 
Fig. 2. Sensitivity coefficients Cs_1, Cs_2 and Cs_3, values with its uncertainty range 
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The calculated percentage differences 'Cs2-1 and 'Cs3-1 comparing the sensitivities Cs_2 and Cs_3 to 
Cs_1 are presented in the Figure 3. 
 
 
Fig. 3. Percentage difference 'Cs2-1 and 'Cs3-1 
We observed in Figure 2 that in most of the cases the coefficient Cs_2 (under “unstable sky conditions 
with some cloud”) is lower than Cs_1 (under "stable cloudless conditions"), and that in most of the cases 
the coefficient Cs_3 (under “cloudy sky conditions”) is higher than Cs_1. The average differences are 
'Cs2-1 = -0.03% and 'Cs3-1 = 0.43%. 
 
The calculated irradiation differences'H2-1 using Cs_2 instead of Cs_1 and 'H3-1 using C_3 instead of 
Cs_1 are presented in the Table 3. 
Table 3. Monthly and yearly irradiation calculated for CENER BSRN data using the sensibility Cs_1, Cs_2 and Cs_3 
Month 
Solar irradiation H  using 
the calibration factor Cs_1 
(MJ.m-2) 
Difference irradiation 
'H2-1 using Cs_2 instead 
of Cs_1 (MJ.m-2) 
Difference irradiation 
'H3-1 using Cs_3 instead 
of Cs_1 (MJ.m-2) 
January 172.38 -0.05 0.73 
February 241.13 -0.08 1.02 
March 404.27 -0.13 1.72 
April 485.76 -0.15 2.06 
May 602.60 -0.19 2.56 
June 685.53 -0.22 2.91 
July 780.38 -0.25 3.32 
August 678.19 -0.21 2.88 
September 497.45 -0.16 2.11 
October 346.90 -0.11 1.47 
November 180.06 -0.06 0.77 
December 148.53 -0.05 0.63 
Year 5306.16 -1.68 22.55 
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4. Conclusions  
4.1. Results 
The International Standard ISO 9847:1992 for the calibration of field pyranometers via comparison to 
a reference pyranometer covers 3 different sky conditions for outdoor horizontal. The Calibration 
Laboratory of CENER is accredited to perform the calibration of pyranometers according to this standard. 
Furthermore, CENER’s Calibration Laboratory uses additional quality criteria since 2010, and has been 
calibrating more than 50 pyranometers (for customers and internally) since its accreditation. 
As the calibration coefficients can be slightly different depending on the sky conditions, the global 
solar irradiation measurements are calculated using solar irradiance G data from July 2009 to May 2013 
obtained at the CENER BSRN station. 
In most of the cases, the coefficient using Cs_2 (under “unstable sky conditions with some cloud”) is 
lower than using Cs_1 (under "stable cloudless conditions"); the average difference is 'Cs2-1 = -0.03%. 
And, in most of the cases, the coefficient using Cs_3 (under “cloudy sky conditions”) is higher than using 
Cs_1; the average difference is 'Cs3-1 = 0.43%. 
Those differences have an influence on the calculated irradiation H using these different coefficients. 
The yearly calculated irradiation difference'H3-1 using Cs_2 instead of Cs_1 has been -1.68 MJ.m-2 and 
the yearly calculated irradiation difference'H3-1 using C3_2 instead of Cs_1 has been 22.55 MJ.m-2. 
4.2. Status and update of the CENER BSRN station 
Among the main applications, currently pyranometers may be highlighted: 
x Evaluation studies of solar radiation for its energy use. Currently, the promotion of solar power plants, 
both nationally and internationally, has led to a significant increase in demand for this type of sensors. 
x Testing installations and laboratories. Solar radiation measurement required for standardized efficiency 
performance tests (solar thermal or photovoltaic use) 
x  Automatic weather stations for agrometeorological networks or related crops. There is a significant 
relationship between solar radiation and plant growth. This variable also has an important effect on 
evapotranspiration and thus soil in irrigation systems. 
In cases where the pyranometers are located in the open, it is recommended to calibrate them annually. 
In some laboratories that use this calibration, the operation can be extended to a longer period of time 
depending on the actual use of the pyranometer. 
At the end of 2013, the station will be complemented with 3 new equipments: a UV radiometer for 
solar UV radiation, an absolute cavity pyrheliometer for beam irradiance with a better accuracy and a 
CIMEL photometer for irradiance in different wavelength ranges. This equipment will allow CENER to 
enter the national and international networks for Aerosols measurement: RIMA (Red Ibérica de Medida 
fotométrica de Aerosoles), AERONET (AErosol RObotic NETwork). 
Further studies will be performed with a bigger number of calibrated radiometers in order to observe 
results of how other model types can also have an influence depending on the sky conditions. 
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